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Summary
Objective:  To  analyze  the  mini-external  ﬁxation  and  percutaneous  K-wire  internal  ﬁxation
for the  treatment  of  Bennett  fracture  by  using  ﬁnite  element  analysis  and  to  compare  the
biomechanical  stability  and  postoperative  impact  of  the  two  ﬁxations  on  the  fracture.
Methods:  Three-dimensional  digital  models  of  the  ﬁrst  metacarpal  bone,  second  metacarpal
bone, and  the  trapezium  were  established  using  Mimics  10.01  software.  A  solid  model  and
ﬁnite element  models  were  created  and  analyzed  using  ANSYS  10.0.  The  same  load  of  100  N
was exerted  on  both  the  mini-external  ﬁxator  and  the  Kirschner  (K)-wire  internal  ﬁxator  for  the
treatment of  Bennett  fracture.  Finally,  the  none-line  solution  was  analyzed,  and  displacement
nephograms  were  obtained.
Results:  The  displacement  nephograms  of  the  distal  and  proximal  fragments  of  the  fracture
obtained  using  the  mini-external  and  K-wire  models  were  established.  The  X/Y/Z  (SUM)-
component  displacements  of  15  nodes  aligned  with  the  articular  surface  fracture  were  obtained.
The relative  displacement  of  the  distal  and  the  proximal  fragments  of  the  fracture  were
calculated, and  all  digits  of  relative  displacement  were  entered  into  SPSS  13.0  software.
The difference  between  the  X-component  relative  displacements  was  statistically  signiﬁcant.
Moreover,  the  comparison  of  the  Y-component,  Z-component,  and  SUM-component  relative  dis-
al  signiﬁcance.  The  average  relative  displacement  in  the  X-directionplacements  yielded  statistic
was 0.3214  mm  in  the  K-wire  model.
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Conclusion:  Mini-external  ﬁxation  is  more  effective  than  K-wire  internal  ﬁxation  for  secure  Ben-
nett fracture  stability.  Both  ﬁxations  have  similar  effects  on  postoperative  traumatic  arthritis
and postoperative  hand  functions.
Level  of  evidence:  1  Biomechanical  studies.
© 2012  Elsevier  Masson  SAS.  All  rights  reserved.
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ennett  fracture,  named  after  Edward  Halloran  Bennett,
efers  to  an  oblique  intra-articular  metacarpal  fracture  that
ccurs  at  the  ulnar  border  of  the  ﬁrst  metacarpal  base.
anual  traction  reduction  for  such  a  fracture  is  easy,  but  sus-
aining  the  reduction  is  difﬁcult  [1—3]. In  the  clinical  setting,
arious  methods  can  be  applied  for  Bennett  facture  treat-
ent  [4—6]. Among  the  different  methods,  mini-external
xation  has  been  more  clinically  favorable  given  its  years  of
evelopment  and  because  of  its  satisfactory  curative  effect
7—10]. However,  considering  the  high  cost  of  mini-external
xation,  many  scholars  recommend  Kirschner  (K)-wire  inter-
al  ﬁxation  as  an  alternative,  with  its  equal  effect  at  a  lower
ost  [11]. The  current  study  compares  the  biomechanical
haracteristics  of  mini-external  ﬁxation  and  K-wire  inter-
al  ﬁxation  for  Bennett  fracture  treatment  to  evaluate  their
espective  advantages  and  disadvantages.
Many  scholars  currently  use  the  ﬁnite  element  method  to
epresent  human  body  structures  in  a  computer,  and  assign
he  same  biomechanical  characteristics  as  the  actual  body
arts.  The  ﬁnite  element  method  has  certain  irreplaceable
dvantages  for  studying  bone  stress-strains  and  displace-
ents  under  different  stresses,  i.e.,  it  can  reﬂect  the
isplacement  of  a  model  and  the  internal  stress  information
n  the  model,  it  can  offer  precise  quantitative  and  visualized
ualitative  analyses,  and  has  good  repeatability  and  com-
arability  [12—15]. Therefore,  ﬁnite  element  models  of  a
and  with  Bennett  fracture  were  established  in  this  study  via
xternal  force  exertion  using  Mimics,  Geomagic,  and  ANSYS
omputer  software  to  compare  the  biomechanical  stability
nd  the  postoperative  impact  of  mini-external  ﬁxation  and
ercutaneous  K-wire  internal  ﬁxation  on  Bennett  fracture
nder  similar  conditions.
aterials and methods
eneral  materials
olunteer:  a  healthy  man  with  normal  hands  and  no  other
iseases.
CT:  GE  Healthcare  LightSpeed  PRO  32  rows  64-line  Spiral
omputed  Tomograph,  USA.
Computer:  CPU:  Pentium  Dual-Core  T4200  2.0  HG,  512  M
VIDIA  GeForce  9600  M  GS,  2  GB  Memory.
Soft  ware:  Mimics  10.01,  Geomagic  Studio  10.0,  ANSYS
0.0,  and  SPSS  13.0.
Mimics  is  a  software  specially  developed  by  Materi-
lise  for  medical  image  processing.  Mimics  is  used  for
he  segmentation  of  3D  medical  images  (resulting  from
omputed  tomography  [CT],  magnetic  resonance  imaging,
o
o
Gicrotomography,  cone  beam  computed  tomography,  ultra-
ound  imaging,  and  confocal  microscopy)  that  generate
ighly  accurate  3D  models  of  the  body  anatomy.  These
atient-speciﬁc  models  can  then  be  used  directly  for  a  vari-
ty  of  engineering  applications  in  Mimics  or  3-matic  and  to
xport  the  3D  models  and  anatomical  landmark  points  to
rd-party  software,  such  as  statistical  packages,  computer-
ided  design  (CAD)  applications,  and  ﬁnite  element  analysis
FEA)  packages  [16].
Geomagic  Studio  is  the  industry’s  easiest-to-use  intelli-
ent  solution  for  transforming  3D  scanned  data  into  highly
ccurate  polygon  and  native  CAD  models  for  reverse  engi-
eering,  product  design,  rapid  prototyping,  and  FEA  (http://
ww.geomagic.com/zh/products/studio/index.shtml). The
NSYS  software  offers  an  unparalleled  breadth  of  solu-
ions  across  a  broad  range  of  disciplines  and  it  can
ccurately  address  the  structural  modeling  of  any  prod-
ct  or  process.  Such  solutions  are  built  within  the  ANSYS
orkbench  user  environment,  which  is  a  single  framework
hat  allows  quick  and  efﬁcient  performance  of  FEA  sim-
lations  at  both  concept  and  validation  stages  of  design
http://wildeanalysis.co.uk/fea/software/ansys).
D  modeling
his  stage  aims  to  establish  3D  digital  models  of  the  ﬁrst
etacarpal  bone,  second  metacarpal  bone,  and  the  trapez-
um  by  using  Mimics  10.01.  A  64-slice  helical  CT  scanning
f  the  left  hand  and  the  distal  radius  was  performed  on
 volunteer  in  2010.  During  scanning,  the  volunteer  was
nstructed  to  put  his  palm  in  a  prone  position  with  the  thumb
n  a  natural  abduction.  A  full  ulnar  deviation  was  demon-
trated  to  keep  the  longitudinal  axes  of  the  thumb,  the  ﬁrst
etacarpal  bone,  and  the  radius  in  line.  The  slice  thickness
as  0.625  mm  in  a  1024  ×  1024  matrix.  The  obtained  DICOM
ata  that  consist  of  198  CT  images  were  saved  on  a  disk
nd  then  inputted  into  the  Mimics  10.0  software  through
 module.  The  maskings  for  the  left  hand  and  the  radius
ere  produced  based  on  the  bone  density  threshold  value.
he  areas  of  the  ﬁrst  metacarpal  bone,  trapezium,  and  sec-
nd  metacarpal  bone  were  automatically  selected  by  the
omputer  by  using  the  thresholding  and  3D  region  grow-
ng  techniques.  The  marrow  cavities  were  ﬁlled  up  for  the
ew  maskings  by  using  the  cavity-ﬁlling  technique.  The  3D
odels  were  constructed  using  the  Calculate  3D  technique.
he  models  cannot  distinguish  the  bone  cortex  from  the
edulla,  but  the  reuniﬁcation  of  the  two  sets  was  found  to
e  homogeneous.  All  models  generated  output  in  the  form
f  point  clouds  or  STL  after  remeshing,  and  were  then  saved
n  a  disk  in  *.txt  format.
Modeling  a  solid  model:  The  digits  were  inputted  into
eomagic10.0  to  mend  and  obtain  a  solid  volume  and
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Table  1  Element  types  and  material  properties  of  the  ﬁnite  element  models.
Material  Young  modulus  Poisson’s  ratio  Type  Element  number  Node  number
Distal  fracture  fragment  10000  0.3  Solid92  58770  84699
Proximal fracture  fragment  10000  0.3  Solid92  5299  8400
Trapezium 553  0.2  Solid92  35603  51211
Second metacarpal  bone  10000  0.3  Solid92  90810  129689
K-wire (proximal)  110000  0.33  Solid185  1025  1512
K-wire (distal)  110000  0.33  Solid185  6318  7380
External ﬁxator 110000  0.33  Solid185  12359  20804
Solid92 is a quadratic tetrahedral element using pure displacement shape function, which is suitable for irregular mesh model. This
element has 10 nodes and each node has three degrees of freedom: X, Y, Z directions; Solid185 is a linear hexahedral element using
mixed force and displacement shape functions, which is suitable for construction of three-dimensional solid structures. This element
has eight nodes and each node also has three degrees of freedom: X, Y, Z directions. The element has hyperelasticity, stress stiffening,
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tcreep, large delection and large strain capabilities, and can be us
incompressible hyperelastic materials [12,15].
generate  digital  outputs  in  the  Initial  Graphics  Exchange
Speciﬁcation  *.IGES  format.  The  data  were  entered  into
Geomagic  to  go  through  point  cloud,  polygon,  encapsula-
tion,  and  formation  processing  for  further  construction.  To
reduce  the  amount  of  calculation  involved,  the  patches
should  not  be  extremely  dense  during  Geomagic  editing,
considering  that  tedious  calculation  remains  to  be  done  in
the  late  stage  to  verify  the  accuracy  of  the  model.  Moreover,
considering  the  direct  inﬂuence  of  the  patches  on  the  quality
of  the  ANSYS  mesh  dividing  method,  the  patches  should  be
in  the  form  of  a  regular  parallelogram,  and  extremely  small
angles  should  be  avoided.  Finally,  the  data  were  saved  in  the
*.IGES  format.
Finite  element  modeling
The  IGES-form  ﬁles  of  the  ﬁrst  metacarpal  bone  and  the
trapezium  were  introduced  into  ANSYS.  The  material  types
and  attributes  that  were  set  up  are  shown  in  Table  1.  Solid
92  was  the  type  of  metacarpal  bone  used,  with  its  Young’s
modulus  and  Poisson’s  ratio  similar  to  those  of  the  cortical
bone.  Although  no  standards  for  the  model  data  have  been
released  up  to  now,  the  authors  of  the  current  study,  based
on  literature  and  the  experience  gained  from  the  current
study,  found  that  the  attribute  of  the  cancellous  bone  should
be  selected  for  the  trapezium  because  most  of  the  trapez-
ium  is  cancellous.  Solid  185  was  the  type  of  external  ﬁxator
and  K-wire  used,  with  its  Young’s  modulus  and  Poisson’s  ratio
similar  to  those  of  titanium  alloy  [12,14—22].  The  Bennett
fracture  model  of  the  ﬁrst  metacarpal  bone  was  established
using  the  cutting  technique.  By  moving  the  workbench  in  the
modeling  menu,  the  external  ﬁxator  model  was  made  similar
to  Orthoﬁx  (M101),  the  semi-screw  had  a  diameter  of  2  mm,
the  external  ﬁxator  had  a  diameter  of  4  mm,  and  the  uni-
versal  ball  had  a  diameter  of  5  mm.  A  mini-external  ﬁxation
frame  was  constructed  through  Boolean  calculation.  The
frame  was  then  moved  inwards  to  imitate  the  operative  pro-
cedure  for  the  Bennett  fracture  [7].  The  element  types  and
attributes  of  the  ﬁrst  metacarpal  bone,  the  trapezium  and
the  mini-external  ﬁxation  frame  that  were  characterized  are
shown  in  Table  1.  Meshes  were  divided  for  the  mini-external
ﬁxation  model.  The  external  ﬁxator  was  sweep-divided  using
the  smart  mesh  tool  because  the  bones  were  irregular  and
t
w
o
f simulate nearly incompressible elastoplastic materials and fully
ontained  pinholes.  The  nodal  point  and  element  numbers
f  the  model  were  obtained  (Table  1,  Fig.  1).  Fig.  2  shows
he  three  contacts  that  were  set  between  the  trapezium  and
he  distal  and  proximal  articular  surfaces  and  the  distal  and
roximal  pieces  of  the  fracture  surfaces.  Similarly,  the  K-
ire  internal  ﬁxation  ﬁnite  element  model  was  established,
ith  the  K-wire  diameter  of  1.2  mm.  The  internal  ﬁxation
rocedure  was  imitated  in  the  percutaneous  K-wire  inter-
al  ﬁxation  for  the  fracture  [6].  The  models  were  meshed,
he  bone  tissues  were  smart-divided,  and  the  K-wire  ﬁxator
as  sweep-divided  to  obtain  the  nodal  point  and  element
umbers  of  the  model  (Table  1,  Fig.  1).  Three  contacts  were
stablished  between  the  trapezium  and  the  distal,  between
he  distal  and  proximal  pieces  of  fracture  surfaces,  and
etween  the  trapezium  and  proximal  facture  surfaces.
oundary-constrained  conditions  and  external
orce
or  the  externally  ﬁxed  model,  the  joint  surface  between
he  trapezium  and  the  scaphoid  was  assumed  immovable
ecause  the  articular  surfaces  formed  by  the  trapezium
nd  other  carpal  bones  belong  to  the  amphiarthrodial
oints.  The  relationships  of  the  screw  and  bone  are
lued  and  set  on  the  Boolean  menu  given  that  the
our  screws  used  for  the  external  ﬁxation  contained
artial  threads.  Moreover,  the  same  contact  frictional
oefﬁcient  (0.2)  was  set  for  the  distal  and  proximal
racture  surfaces  (0.01)  for  the  joints.  For  the  fracture  frag-
ents,  only  the  degree  of  freedom  of  the  attachment  of
he  proximal  fracture  fragment  to  the  intermetacarpal  lig-
ment  was  set  to  0.5  mm.  A  100  N  nodal  pressure  was  then
xerted  on  the  ﬁrst  metacarpal  bone  [23]. For  the  inter-
ally  ﬁxed  model,  the  second  metacarpal  and  the  trapezium
isplacements  were  assumed  immovable.  Despite  the  fric-
ional  contacts  between  the  K-wire  and  the  trapezium  and
etween  the  ﬁrst  and  second  metacarpal  bones,  the  rela-
ionships  of  the  contacts  belonged  to  complete  gluing,  given
hat  the  relative  displacements  of  the  K-wire  to  the  bones
ere  not  considered  in  the  current  study.  The  coefﬁcient
f  friction  was  set  for  the  distal  and  proximal  fracture  sur-
aces  (0.2)  and  joints  (0.01).  For  the  fracture  fragments,
24  L.  Meng  et  al.
Figure  1  Finite  element  models.  A.  The  models  and  ﬁxation.  B.  The  ﬁnite  element  models.
Figure  2  Three  contacts,  between  the  trapezium  and  the  distal  and  proximal  articular  surfaces,  the  distal  and  proximal  pieces
of fracture  surfaces.
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Figure  5  The  displacement  nephograms  of  the  proximal  and
distal fracture  fragments  in  the  mini-external  ﬁxation  model.
FFigure  3  Boundary-constrained  conditions  and  external
force.
only  the  degree  of  freedom  of  the  proximal  fracture  frag-
ment’s  attachment  to  the  intermetacarpal  ligament  was  set
to  0.5  mm.  Moreover,  a  total  binding  was  set  for  all  contacts,
and  the  same  nodal  pressure  was  then  exerted  on  the  ﬁrst
metacarpal  bone  (Fig.  3).
Statistical  analysis
The  main  observation  indices  included  the  relative  displace-
ment  of  the  distal  and  proximal  fracture  fragments  of  the
ﬁrst  metacarpal  bone.  Importing  all  data  into  SPSS  13.0
yielded  the  mean  and  t-test  results.
Results
A  non-linear  ﬁnite  element  biomechanical  analysis  of
the  mini-external  and  the  K-wire  ﬁxation  ﬁnite  element
models  under  the  X-axial  load  of  100  N  was  conducted.
Figs.  4  and  5  show  the  obtained  displacement  nephograms
of  the  proximal  and  distal  fracture  fragments,  respectively.
Figure  4  The  displacement  nephograms  of  the  proximal  and
distal fracture  fragments  in  the  K-wire  internal  model.
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iigure  6  15  Nodes  on  line  of  articular  surface  fracture.
ifteen  nodes  aligned  with  the  articular  surface  fracture
ere  chosen  from  the  palmar  to  the  dorsal  (Fig.  6)  and
heir  X/Y/Z/SUM-component  displacements  are  listed  in
ables  2  and  3,  respectively.  The  relative  displacement  of
he  distal  and  the  proximate  pieces  of  fracture  were  calcu-
ated  and  determined.  The  average  relative  displacements
nd  t-values  were  obtained  by  inducing  all  the  digits  of  rel-
tive  displacements  entered  into  SPSS  13.0  (Table  4).
iscussion
ennett  fracture  is  also  referred  to  as  intra-articular  frac-
ure  dislocation  of  the  base  of  the  ﬁrst  metacarpal  bone
ith  the  fracture  line  through  the  carpometacarpal  joint.  In
ennett  fracture,  the  ulnar  fragment  remains  in  the  cor-
ect  position  and  shows  a  triangular  form  because  of  its
ttachment  to  the  carpometacarpal  ligament.  Unlike  the
lnar  fragment,  the  radial  fragment  causes  carpometacarpal
islocation  or  incomplete  dislocation  as  a  consequence  of
he  tension  from  the  abductor  pollicis  longus  muscle  or  the
blique  joint  surface,  and  the  distal  fragment  is  subluxated
n  the  dorsal,  radial,  and  proximal  directions.  The  state  of
26  L.  Meng  et  al.
Table  2  Displacement  vector  of  15  nodes  of  K-wire  ﬁxation  model.
NS  DV
UX  (mm) UY  (mm)  UZ  (mm)  USUM  (mm)
PDV  DDV  PDV  DDV  PDV  DDV  PDV  DDV
1 —2.1808  —2.2770  2.2130  2.3585  1.5638  1.5020  3.4783  3.6060
2 —1.8682  —1.8205  1.9587  1.3218  1.2852  0.67349  2.9964  2.3484
3 —1.4984  —1.6290  1.4764  0.97909  0.97339  0.34283  2.3179  1.9313
4 —1.0662  —1.4714  0.98582  0.65765  0.60475  0.083240  1.5730  1.6138
5 —0.78264  —1.2831  0.65806  0.36203  0.37929  —0.20356  1.0906  1.3487
6 —0.55232  —1.1018  0.43307  0.08783  0.18968  —0.46049  0.72704  1.1974
7 —0.41757  —0.88743  0.31049  —0.18712  0.077853  —0.73978  0.52615  1.1704
8 —0.30034 —0.48909  0.21862  —0.65510  —0.010056  —1.2420  0.37162  1.4870
9 —0.23325  —0.34134  0.17432  —0.84627  —0.057627  —1.4636  0.29684  1.7247
10 —0.17379  —0.18948  0.14272  —1.0593  —0.090363  —1.6994  0.24236  2.0114
11 —0.13619  —0.04298  0.13275  —1.2133  —0.10780  —1.9091  0.21861  2.2625
12 —0.10400 0.27127  0.13161  —1.5144  —0.11592  —2.3576  0.20389  2.8152
13 —0.081953 0.39682  0.13943  —1.6061  —0.12011  —2.5351  0.20146  3.0271
14 —0.058108 0.55387  0.15134  —1.7694  —0.12307  —2.7558  0.20354  3.3215
15 —0.036480 0.71379  0.16310  —2.0132  —0.12578  —2.9795  0.20917  3.6660
DV: displacement vector; NS: nodes; PDV: proximate displacement vector; DDV: distal displacement vector; UX: uranium X; UY: uranium
Y; UZ: uranium Z; USUM: uranium SUM.
Table  3  Displacement  vector  of  15  nodes  of  mini-external  ﬁxation  model.
NS  DV
UX  (mm) UY  (mm)  UZ  (mm)  USUM  (mm)
PDV  DDV  PDV  DDV  PDV  DDV  PDV  DDV
1  —0.33298  —0.39648  0.39396  0.37457  0.3629  0.26330  0.65376  0.60566
2 —0.32852  —0.38072  0.38374  0.36718  0.3544  0.25377  0.61706  0.58666
3 —0.32242  —0.36203  0.36922  0.34257  0.3429  0.23617  0.59820  0.55154
4 —0.30849  —0.34445  0.33286  0.31676  0.3145  0.21851  0.55217  0.51646
5 —0.29560  —0.32776  0.29960  0.29339  0.2874  0.20191  0.50966  0.48401
6 —0.28377  —0.31263  0.27140  0.27499  0.2616  0.18762  0.47181  0.45668
7 —0.27291  —0.29966  0.25045  0.26325  0.2373  0.17639  0.43993  0.43613
8 —0.26354  —0.28856  0.23839  0.25602  0.2165  0.16796  0.41611  0.42074
9 —0.25537  —0.27690  0.23354  0.25256  0.1988  0.16048  0.39907  0.40770
10 —0.24799  —0.26628  0.23447  0.25256  0.1853  0.15494  0.38833  0.39837
11 —0.23949  —0.25725  0.23870  0.25522  0.1758  0.15047  0.38111  0.39237
12 —0.22876  —0.24970  0.24473  0.25920  0.1690  0.14669  0.37522  0.38866
13 —0.21548 —0.24212  0.25073  0.26209  0.1630  0.14285  0.36858  0.38434
14 —0.19974 —0.23852  0.25403  0.26179  0.1559  0.14085  0.35877  0.38114
15 —0.19136 —0.22466  0.25443  0.26313  0.1520  0.13834  0.35279  0.37850
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cDV: displacement vector; NS: nodes; PDV: proximate displacemen
Y; UZ: uranium Z; USUM: uranium SUM.
 Bennett  fracture  is  very  unstable,  and  improper  treat-
ent  can  lead  to  osteoarthritis,  thumb  functional  weakness,
r  even  thumb  functional  incapacitation.  Bennett  fractures
an  be  caused  by  both  direct  and  indirect  violence,  but
hey  mostly  occur  as  results  of  indirect  violence,  such  as
alling  onto  a  thumb  and  a  punch  of  the  ﬁst,  among  others
24].  K-wire  internal  ﬁxation  and  mini-external  ﬁxation  are
wo  major  methods  that  have  been  widely  adopted  for  Ben-
ett  fracture  treatment  in  the  clinical  setting  [4,7,8,25—27].
o
a
ror; DDV: distal displacement vector; UX: uranium X; UY: uranium
oth  methods  have  their  respective  advantages.  The  advan-
ages  of  the  K-wire  internal  ﬁxation  include  easy  and  ﬂexible
peration,  small  trauma,  fast  fracture  healing,  low  oper-
tive  cost,  and  satisfactory  curative  effect  [27,28]. The
isadvantages  of  the  K-wire  internal  ﬁxation  include  the  sus-
eptibility  of  the  wire  hole  to  inﬂammation,  requirement
f  four  weeks  to  six  weeks  of  unadjustable  plaster  ﬁxation
fter  operation,  which  greatly  limits  the  early  functional
ehabilitation  of  the  patient,  and  the  frequent  loosening  of
Mini-external  ﬁxation  and  Kirschner  wire  internal  ﬁxation  27
Table  4  Relative  displacement  of  15  nodes  of  mini-external  and  K-wire  ﬁxation  model.
NS  D
UXRD  (mm) UYRD  (mm)  UZRD  (mm)  USUMRD  (mm)
KF  EF  KF  EF  KF  EF  KF  EF
1 0.0962  0.0635  0.1455  0.0194  0.0618  0.09959  0.1277  0.0481
2 0.0477  0.0522  0.6369  0.0165  0.6117  0.10059  0.648  0.0304
3 0.1306  0.03961  0.49731  0.0266  0.6306  0.10671  0.3866  0.04666
4 0.4052  0.03596  0.32817  0.0161  0.5215  0.09602  0.0408  0.03571
5 0.50046  0.03216  0.29603  0.0062  0.5828  0.08551  0.2581  0.02565
6 0.54948  0.02886  0.34524  0.0035  0.6502  0.07396  0.47036  0.01513
7 0.46986  0.02675  0.49761  0.0128  0.8176  0.06095  0.64425  0.0038
8 0.18875 0.02502  0.87372  0.0176  1.2319  0.04852  1.11538  0.00463
9 0.10809  0.02153  1.02059  0.0190  1.4060  0.03828  1.42786  0.00863
10 0.01569  0.01829  1.20202  0.0180  1.6090  0.03034  1.76904  0.01004
11 0.09321  0.01776  1.34605  0.0165  1.8013  0.02536  2.04389  0.01126
12 0.37527 0.02094  1.64601  0.0145  2.2417  0.02233  2.61131  0.01344
13 0.47877 0.02664  1.74553  0.0114  2.4150  0.0201  2.82564  0.01576
14 0.61198 0.03878  1.92074  0.0078  2.6327  0.01501  3.11796  0.02237
15 0.75027 0.0333  2.1763  0.0087  2.8537  0.01368  3.45683  0.02571
A 0.32144 0.03209  0.9785  0.0143  1.3378  0.05580  1.39625  0.02115
T 4.741 5.649  5.625 4.558
P < 0.01  <  0.01  <  0.01  <  0.01
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iD: displacement; NS: nodes; UXRD: uranium X relative displaceme
displacement; USUMRD: uranium SUM relative displacement; KF: K
the  K-wire  [29]. On  the  other  hand,  the  advantages  of  mini-
external  ﬁxation  are  as  follows:  it  can  be  extensively  applied
to  different  fracture  types,  especially  to  complicated  com-
minuted  fractures;  it  causes  slight  trauma  and  it  only  slightly
damages  the  blood  transportation  at  the  fracture  ends;  it
has  high  degree  of  stability  and  exerts  sustained  traction
of  the  fracture  fragments  (a  sufﬁcient  and  sustained  trac-
tion  plays  a  key  role  in  fracture  healing  and  postoperative
hand  function  recovery  [24]); and  ﬁnally,  a  patient  treated
using  this  technique  can  participate  in  early  functional  reha-
bilitation,  which  substantially  help  in  fracture  healing  and
hand  function  recovery  [30,31].  The  disadvantages  of  the
mini-external  ﬁxation  are  as  follows:  the  pin  hole  is  sus-
ceptible  to  inﬂammation,  and  the  tendons  and  nerves  are
at  high  risks  of  damages  [32]; it  entails  high  costs;  and
the  operation  has  to  be  performed  under  an  X-ray  or  C-
arm  X-ray  machine,  which  can  cause  phototaxis  to  a  certain
degree.
The  mini-external  ﬁxation  is  generally  better  than  the  K-
wire  treatment  method  based  on  the  discussions  above,  but
most  researchers  only  have  a  summary  of  the  clinical  efﬁ-
cacy  of  the  results  and  do  not  know  the  difference  between
the  two  therapeutic  methods.  The  ﬁnite  element  model  of
the  two  treatments  aims  to  evaluate  the  two  treatment
methods  from  a  biomechanical  point  of  view.  Experimen-
tal  models  were  created,  are  closed  completely  reset  with
external  ﬁxation  or  percutaneous  Kirschner  wire  ﬁxation  in
the  treatment  of  Bennett  fracture  model.  The  two  treat-
ment  methods  ﬁxed  onto  the  formation  of  reduction  and
ﬁxation  of  the  fracture  fragments  are  minimally  invasive,
largely  protect  the  integrity  of  the  surrounding  soft  tissue
and  periosteum,  promote  fracture  healing,  and  prevent  the
y
t
vYRD: uranium Y relative displacement; UZRD: uranium Z relative
e Fixation; EF: external ﬁxation; A: average.
mpact  of  trauma  on  the  joint  function.  Moreover,  the  two
reatment  methods  are  comparable  to  the  clinical  treatment
f  choice  in  surgery.
With  the  development  of  computer  technology  and  inter-
isciplinary  permeation,  the  ﬁnite  element  method  has  been
ncreasingly  applied  in  osteo-biomechanical  analysis.  The
urrent  study  established  the  two  treatment  models  by
sing  the  Mimics,  Geomagic,  and  ANSYS  software  based
n  the  experiences  of  other  researchers  in  model  estab-
ishment,  and  the  established  models  satisﬁed  the  basic
equirements  of  FEA.  The  nephograms  of  displacement  of
he  distal  and  the  proximate  pieces  of  fracture  of  the  two
odels  were  listed  in  the  ANSYS  General  Postpreprocessor.
he  X/Y/Z/SUM-component  displacements  of  15  nodes  on
he  articular  surface  fracture  were  determined,  and  the  rel-
tive  displacement  of  the  distal  and  the  proximate  pieces  of
he  fracture  were  calculated.  The  relative  displacement  and
-value  were  obtained  after  inputting  the  digits  of  relative
isplacement  into  SPSS  13.0.
In the  current  study,  the  curative  effects  of  mini-external
xation  and  K-wire  internal  ﬁxation  on  fracture  ﬁxation  sta-
ility  were  compared  by  observing  15  nodes  aligned  with
he  articular  surface  fracture  of  the  distal  and  proximal
racture  fragments.  Comparing  the  X-component  relative
isplacements  of  the  two  models  yielded  a  t-value  of  4.741
P  <  0.01),  which  is  statistically  signiﬁcant.  Likewise,  com-
aring  the  Y-component  relative  displacements  yielded  a
-value  of  5.649  (P  <  0.01),  which  is  also  statistically  signif-
cant.  Comparing  the  Z-component  relative  displacements
ielded  a  t-value  of  5.625  (P  <  0.01),  whereas  comparing
he  SUM-component  relative  displacements  yielded  a  t-
alue  of  4.558  (P  <  0.01),  both  of  which  are  statistically
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igniﬁcant.  Statistical  analysis  easily  demonstrates  that
ini-external  ﬁxation  is  better  than  the  K-wire  treat-
ent.
Traumatic  arthritis,  which  is  one  of  the  sequels  to  Ben-
ett  fractures,  seriously  inﬂuences  a  patient’s  quality  of
ife  and  hand  functions.  The  occurrence  of  traumatic  arthri-
is  is  closely  correlated  with  the  anatomical  position  and
lignment  of  the  surgical  fracture  [5,24,33,34]. More  stud-
es  suggested  that  the  resetting  the  relative  displacement
f  fracture  fragments  should  be  less  than  1  mm  [35—37].
oyer  [4]  considers  that  the  resetting  of  fracture  fragments
ith  a  relative  displacement  less  than  1  mm  would  greatly
educe  the  incidence  of  traumatic  arthritis.  In  the  cur-
ent  study,  the  curative  effects  of  K-wire  internal  ﬁxation
nd  mini-external  ﬁxation  on  traumatic  arthritis  were  com-
ared  by  observing  the  average  relative  displacements  of
he  distal  and  proximal  fracture  fragments.  A  100  N  [23]
odal  pressure  was  then  exerted  on  the  distal  articular  sur-
ace  of  the  ﬁrst  metacarpal  bone.  The  highest  strength
f  the  thumb  and  four-ﬁnger  pinch  was  10  kg.  The  simu-
ated  pressure  was  the  biggest  external  force  of  the  thumb
ith  initiative  activities.  In  the  model  coordinates,  the  X-
irection  was  positioned  along  the  longitudinal  axis  of  the
rst  metacarpal  bone  pointing  remotely,  the  Y-direction  was
ositioned  along  the  coronal  plane  pointing  to  the  ulna,
nd  the  Z-direction  was  positioned  along  the  sagittal  plane
ointing  to  the  palm  side.  The  main  observation  indices
nclude  the  average  of  the  relative  displacements  in  the
-direction,  which  is  the  fracture  of  the  relative  displace-
ent  of  the  articular  surface.  The  average  of  the  relative
isplacements  in  the  X-direction  was  0.3214  mm  in  the  K-
ire  model  and  is  0.0321  mm  in  the  mini-external  model
0.0321  mm  <  0.3214  mm  <  1  mm  <  2  mm),  indicating  that  the
wo  ﬁxations  have  the  same  effects  on  reducing  the  inci-
ence  of  traumatic  arthritis  [4].  However,  the  effects  of  the
wo  methods  do  not  have  an  obvious  difference  in  terms
f  postoperative  hand  function  recovery  considering  that  a
islocation  less  than  2  mm  after  fracture  fragment  reduc-
ion  will  have  no  substantial  inﬂuence  on  postoperative
and  functions  [38]. Hence,  mini-external  ﬁxator  and  K-wire
reatment  for  Bennett  fractures  can  reduce  the  incidence
f  traumatic  arthritis  and  promote  the  recovery  of  hand
unctions.
onclusion
n  summary,  mini-external  ﬁxation  was  found  to  be  more
ffective  than  the  K-wire  internal  ﬁxation  for  fracture
xation  stability.  Both  methods  have  similar  effects  on
ostoperative  traumatic  arthritis  and  postoperative  hand
unctions.
The  current  study  poses  several  limitations.  First,  the
echanical  properties  of  the  biomaterials  were  hypothe-
ized  to  be  homogeneous  (i.e.,  the  cortical  bone  and  the
edullary  substance  were  composed  of  the  same  material),
ontinuous,  and  isotropic.  This  hypothesis  is  not  applicable
n  reality,  in  which  entity  materials  are  anisotropic.  Second,
he  absence  of  tendons  and  muscles  around  the  models  was
eemed  to  have  a  degree  of  inﬂuence  on  the  accuracy  of
he  results.
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